The data for each set of experimental rats were compared with those for control rats which had been maintained on the same diet (without carcinogen) and which were studied simultaneously. The rats were finally killed with "Nembutal" and the livers removed, one or more tissue samples being taken from each liver. The samples were homogenized in 0.25 M sucrose solution, which substantially maintains the "latency" of ATP-ase (Kielley and Kielley, 1951) and of acid phosphatase (Berthet and Duve, 1951) . In a few experiments, however, the sucrose medium was replaced by a dextran-containing medium (Birbeck and Reid, 1956) which is more effective in preserving mitochondrial structure durinig isolation; the enzymic changes observed with tumour fractions isolated in this medium did Inot differ from those observed with the sucrose medium.
The procedures for the centrifugation of the nuclear and mitochondrial fractions were as described elsewhere (Reid, 1955) , the latter fraction being sedimented at 12,000 g (15 minutes; 0°) and washed once without removal of the ' fluffy layer ". The washed fractions were resuspended in the sucrose medium and assayed after storage for two hours at 5°. Assays were also performed on some "supernatant " fractions obtained by a further high-speed centrifugation (20,000 g, 90 minutes) of the material which did not sediment at 12,000 g.
ATP-ase was determined at pH 7.4 in the presence of Mg++ (0.002 M), essentially as described by Lardy and Wellman (1953 Acid phosphatase was determined at pH 5 -0 (0-1 M acetate buffer) in the presence of sodium /?-glycerophosphate, essentially as described by Berthet and Duve (1951) ; incubation was carried at 37°for 10 minutes (" free " activity) or for 20 minutes (total activity). Orthophosphate was finally determined as in the ATP-ase assays, the amount found in the assays of" free " activity being doubled so that all the data (cf. Fig. 2 ) refer to an incubation time of 20 minutes.
For the determination of ' free" activity in these assays, freshly isolated mitochondrial fractions were used, and 0-25 M sucrose solution was used as diluent in the assays. For the determination of "total" activity, the tissue samples were diluted with water, and frozen and thawed at least once (ATP-ase) or at least 8 times (acid phosphatase), so as to liberate the "latent" activity.
Nitrogen was determined by the micro-Kjeldahl procedure, the ammonia being determinied in Conway units.
RES -LTS
The tissue studied in some experiments was obtained from rats which had been given azo-dye for a short period as indicated above; this tissue was designated pre-cancerous liver. The tissue samples from rats which had been given azo-dye for a prolonged period were sub-divided, for the purpose of assessinlg the biochemical findings, into the following categories on the basis of the histological description :-liver tissue without tumours, mixed hepatoma and cholangioma, hepatoma with little necrosis and hepatoma uiith marked necrosis. The " liver tissue without tumours" -588
showed the same histological changes (Edwards and White, 1941; Opie, 1944; Orr and Price, 1948; Hartroft, 1954) as the pre-cancerous liver, but differed from the latter in the longer duration of azo-dye feeding; with further prolongation of this feeding, tumours would probably have developed. All the rats which had been given azo-dye showed enlarged livers, the average weight (relative to body weight) being 3-0 per cent for control livers, 4.4 per cent for "pre-cancerous livers ", and 5.6 per cent for the livers of rats given prolonged azo-dye treatment. Accordingly, a decrease in enzyme concentration (per mg. of fresh liver tissue, as in Fig. 1 and 2) does not necessarily signify that the total amount of that enzyme in the liver was decreased. 1.-ATP-ase activity of mitochondrial fractions. In Fig. 1 and 2 unhatched bars. represent "free" activity and hatched bars represent "total" activity. In Fig. 1 -3 the standard error of the mean difference between each experimental value and the corresponding control value is indicated by a line, and the number of degrees of freedom is given parenthetically; for significant differences, the probability that the difference could be due to chance is indicated by * (P < 5%), ** (P < 1 %) or *** (P < 01 %). 
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As is shown in Fig. 1 , the azo-dye feeding tended to diminish "total "ATP-ase activity, irrespective of the type of tissue studied. "Free" ATP-ase activity did not, however, decrease proportionately; indeed, this activity significantly exceeded that of the controls in the case of pre-cancerous liver and of hepatomas with necrosis.
The assays for "total" acid-phosphatase activity (Fig. 2) showed a marked fall in the case of pre-cancerous liver. With the other tissue samples this activity was not significantly decreased. The "free "activity tended to decrease with each type of tissue, although in the case of pre-cancerous liver the decrease was proportionately less than the decrease in "total" activity.
It was of interest to know if the decreases in "total" enzymic activity were a reflection of loss of mitochondrial material after azo-dye feeding, as previously observed by Price, Miller, Miller and Weber (1950) . As is shown in Fig. 3 , analysis of some of the mitochondrial fractions indicated that the amount of nitrogen was in fact somewhat diminished. Assays for "free" acid phosphatase activity were, in some instances, performed on supernatant fractions, which showed the same trends as the mitochrondrial fractions except that high values (mean 56% above controls) were found for pre-cancerous liver.
DISCUSSION
Previous studies of enzymic changes within liver cells during azo-dye feeding have been reviewed by Allard (1955) . Allard and his collaborators have shown that in the cancerous state, and probably also in the pre-cancerous state, there is a fall in the acid phosphatase activity of mitochondrial fractions. There is also a fall in the Ca++-activated ATP-ase activity, as previously found with transplanted hepatomas by Schneider, Hogeboom and Ross (1950) , and by Novikoff, Podber and Ryan (1951) who further showed that this fall was also demonstrable when activation was effected by Mg++ as in the present experiments.
"Activation " is not, in the present context, necessarily synonymous with liberation of "latent" ATP-ase activity. Since, however, liberation of this activity does occur in the presence of Ca++ (Witter, Watson and Cottone, 1955) , " FREE ENZYMIC ACTIVITY OF MITOCHONDRIAL FRACTIONS it is likely that the ATP-ase activity measured in these previous studies was equivalent to the" total "activity which was measured in the present experiments, and which showed decreases similar to those reported.
It is uncertain whether the acid-phosphatase activity measured by Allard and collaborators was equivalent to the" total "activity which has now been measured and which, as in the case of the activity measured by these authors, tended to be low in the mitochondrial fractions from cancerous or pre-cancerous liver.
The mitochrondial "free" ATP-ase activity, which is not affected by Mg++ (Witter, Watson and Cottone, 1955) , and the "free" acid-phosphatase activity showed the expected low values in the control rats now studied. The "free" ATP-ase activity was, however, relatively high with the various liver samples from rats fed azo-dye, as with certain transplanted tumours studied by Potter and Lyle (1951) and by Emmelot and Bos (1955) ; this increased activity was evidently not merely a consequence of necrosis or of bile-duct proliferation. On the other hand, no such increase was found with " free "acid-phosphatase activity.
The latter activity, as now determined with stored mitochondrial fractions, may be regarded as a measure of the fragility in vitro of "lysosomes ", viz. enzyme-containing particles present in mitochondrial fractions but distinct from mitochondria (Duve, Pressman, Gianetto, Wattiaux and Appelmans, 1955) . If, however, these particles from rats fed azo-dye were already damaged at the time of the mitochondrial centrifugation, acid phosphatase would have become soluble (cf. Berthet and Duve, 1951) and the supernatant fraction rather than the mitochondrial fraction would show a high level of "free" activity. The supernatant fraction has in fact shown a high activity after a short period of azo-dye feeding; but the absence of any increase after prolonged feeding suggests that the lysosomes were substantially intact prior to, as well as after, centrifugation and storage of the mitochondrial fraction.
It appears, then, that the administration of carcinogenic azo-dyes, as of certain other dyes or of dinitrophenol (Dianzani and Scuro, 1956 ), leads to an alteration in mitochondrial properties as judged by the "free" and "total" ATP-ase activities of the isolated mitochondria. Since the azo-dye feeding was usually discontinued several weeks before autopsy, it appears that the alteration is not readily reversed, or is due to an action of the azo-dye (or its metabolites) which can persist for some time.
The nature of this alteration in properties is uncertain. Until recently it was generally considered that a low "free" ATP-ase activity was characteristic of intact mitochondria, and that a high activity signified damage to the mitochondria (Kielley and Kielley, 1951; Kaltenbach and Harman, 1955; cf. Swanson, 1956 ).
It could then be supposed that azo-dye feeding, for as little as 4 weeks, impairs the integrity of the mitochondria in vivo or their susceptibility to damage during isolation, in accordance with a hypothesis discussed by Allard (1955) .
With the recent application of electron microscopy to the study of isolated mitochondria, it has become evident that "free " ATP-ase is a poor criterion of the morphological integrity of mitochondria (Witter, Watson and Cottone, 1955; Birbeck and Reid, 1956) . Mitochondria isolated in the conventional sucrose medium are considerably damaged, whereas mitochondria isolated in certain modified media are apparently little damaged but have "free" ATP-ase activity as high as that of sucrose mitochondria. The interpretation of the present results must therefore await further study with particular reference to the morphological appearance, under the electron microscope, of mitochondria isolated from liver tissue after azo-dye feeding; the mitochondria in the tissue itself do in fact appear to have undergone pathological changes (Bernhard and Bauer, 1955) .
SUMMARY
Mitochondrial fractions have been studied with respect to the changes in the "free" and "total" activity of ATP-ase (assayed in the presence of Mg++) and of acid phosphatase during azo-dye carcinogenesis. The following categories of pathological liver tissue were investigated: precancerous liver; tissue without tumours (from rats fed azo-dye for a prolonged period); mixed tumours (hepatoma and cholangioma); hepatoma with little necrosis; and hepatoma with marked necrosis.
With each category there was found, in comparison with normal liver, a decrease in "total" ATP-ase activity (per mg. of original tissue), but an absolute or relative increase in "free" activity. In the case of acid phosphatase, both "total" and "free" activities tended to decrease; the" free" activity of the supernatant fraction also decreased except in the case of pre-cancerous liver. The interpretation of these findings is discussed.
